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(7) ABSTRACT

In one aspect, the invention includes a method of forming an
insulative plug within a substrate, comprising: a) forming a
masking layer over the substrate, the masking layer having
an opening extending therethrough to expose a portion of the
underlying substrate; b) etching the exposed portion of the
underlying substrate to form an opening extending into the
substrate; ¢) forming an insulative material within the open-
ing in the substrate, the insulative material within the
opening forming an insulative plug within the substrate; d)
after forming the insulative material within the opening,
removing the masking layer; and e¢) after removing the
masking layer, removing a portion of the substrate to lower
an upper surface of the substrate relative to the insulative

plug.
17 Claims, 6 Drawing Sheets
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METHODS OF FORMING INSULATIVE
PLUGS AND OXIDE PLUG FORMING
METHODS

RELATED PATENT DATA

This patent is a continuation application of U.S. patent
application Ser. No. 09/146,765 which was filed on Sep. 3,
1998, now U.S. Pat. No. 6,093,652.

TECHNICAL FIELD

The invention pertains to methods of forming insulative
plugs, and can have particular application to methods of
forming isolation regions, such as, for example, shallow
trench isolation regions.

BACKGROUND OF THE INVENTION

In modern semiconductor device applications, numerous
individual devices are packed onto a single small area of a
semiconductor substrate. Many of these individuals devices
need to be electrically isolated from one another. One
method of accomplishing such isolation is to form a
trenched isolation region between adjacent devices. Such
trenched isolation region will generally comprise a trench or
cavity formed within the substrate and filled with an insu-
lative material, such as, for example, silicon dioxide. Trench
isolation regions are commonly divided into three catego-
ries: shallow trenches (trenches less -than about one micron
deep); moderate depth trenches (trenches of about one to
about three microns deep); and deep trenches (trenches
greater than about three microns deep).

Prior art methods for forming trench structures are
described with reference to FIGS. 1-9. Referring to FIG. 1,
a semiconductor wafer fragment 10 is shown at a prelimi-
nary stage of a prior art processing sequence. Wafer frag-
ment 10 comprises a semiconductive material 12 upon
which is formed a layer of oxide 14, a layer of nitride 16, and
a patterned layer of photoresist 18. Semiconductive material
12 commonly comprises monocrystalline silicon which is
lightly doped with a conductivity-enhancing dopant. To aid
in interpretation of the claims that follow, the term “semi-
conductive substrate” is defined to mean any construction
comprising semiconductive material, including, but not lim-
ited to, bulk semiconductive materials such as a semicon-
ductive wafer (either alone or in assemblies comprising
other materials thereon), and semiconductive material layers
(either alone or in assemblies comprising other materials).
The term “substrate” refers to any supporting structure,
including, but not limited to, the semiconductive substrates
described above.

Semiconductive material 12 comprises an upper surface
15. Oxide layer 14 is formed over upper surface 15 and
typically comprises silicon dioxide. Nitride layer 16 is
formed over oxide layer 14 and typically comprises silicon
nitride. Oxide layer 14 is typically from about 50 Angstroms
to about 300 Angstroms thick, and nitride layer 16 is
generally from about 400 Angstroms thick to about 2000
Angstroms thick.

Referring to FIG. 2, patterned photoresist layer 18 is used
as a mask for an etching process. The etch is typically
conducted utilizing dry plasma conditions and CH,F,/CF,
chemistry. Such etching effectively etches both silicon
nitride layer 16 and pad oxide layer 14 to form openings 20
extending therethrough to expose a portion of substrate 12.
The etching stops upon reaching silicon substrate 12. After
the etch of nitride layer 16, nitride layer 16 becomes a
masking layer for subsequent processing of wafer fragment
10.
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Referring to FIG. 3, a second etch is conducted to extend
openings 20 into silicon substrate 12. The second etch is
commonly referred to as a “trench initiation etch.” A purpose
of such trench initiation etch can be to clean an exposed
surface of silicon substrate 12 within openings 20 (i.e., to
remove defects and polymer material) prior to final trench-
ing into substrate 12. The trench initiation etch is typically
a timed dry plasma etch utilizing CF,IHBr. The trench
initiation etch typically extends openings 20 to less than or
equal to about 500 Angstroms into substrate 12.

Referring to FIG. 4, a third etch is conducted to extend
openings 20 further into substrate 12 and thereby form
trenches within substrate 12. The third etch typically utilizes
an etchant consisting entirely of HBr, and is typically a
timed-etch. The timing of the etch is adjusted to form
trenches within substrate 12 to a desired depth. For instance,
if openings 20 are to be shallow trenches, the third etch will
be timed to extend openings 20 to a depth of less than or
equal to about one micron.

Referring to FIG. 5, photoresist layer 18 (FIG. 4) is
removed, and an oxide material 24 is formed within opening
20 (FIG. 4) and over nitride layer 16. Oxide material 24 can
be formed by, for example, initially forming a thin layer of
oxide (50 Angstroms to 150 Angstroms thick) through
thermal oxidation of substrate 12 within opening 20 (FIG.
4), and subsequently providing high-density plasma oxide to
fill opening 20 and overlie nitride layer 16.

Referring FIG. 6, wafer fragment 10 is subjected to
planarization (such as, for example, chemical-mechanical
polishing) to planarize an upper surface of oxide material 24
(FIG. 5). Nitride layer 16 functions as an etch-stop during
such planarization. The oxide material 24 (FIG. 5) remain-
ing within opening 20 (FIG. 4) after the planarization is an
oxide plug 30.

Referring to FIG. 7, nitride layer 16 (FIG. 6) is removed.
An exemplary process for removing layer 16 is a wet etch
utilizing HEF, followed by hot H;PO,.

Referring to FIG. 8, oxide layer 14 (FIG. 7) is removed.
An exemplary process for removing layer 14 is a wet etch
utilizing HF. As shown, the wet etch has removed portions
of oxide plug 30 to recess edges of plug 30 beneath upper
surface 15 of substrate 12. Accordingly, gaps 32 are formed
between upper surface 15 of substrate 12 and oxide plug 30.
More specifically, insulative plug 30 comprises peripheral
sidewalls 35 having portions 40 extending below substrate
upper surface 15 of substrate 12 and portions 42 above upper
surface 15. Portions 40 comprise lower segments 44 which
are against substrate 12 and upper segments 46 which are
separated from substrate 12 by gaps 32.

Referring to FIG. 9, an oxide layer 34 is grown over upper
surface 15 (by, for example, thermal oxidation), and a
polysilicon layer 38 is formed over oxide layer 34. Poly-
silicon layer 38 can be formed by, for example, chemical
vapor deposition. Polysilicon layer 38 can ultimately be
formed into a wordline comprising transistor gate regions
adjacent oxide plug 30. Plug 30 then functions as a trenched
isolation region. Gaps 32 can undesirably result in formation
of parasitic devices adjacent the transistor devices and
ultimately have an effect of lowering a threshold voltage for
the transistor devices. Accordingly, it would be desirable to
alleviate gaps 32. Gaps 32 can also interfere with subsequent
fabrication processes. For this reason as well, it would be
desirable to alleviate gaps 32.

SUMMARY OF THE INVENTION

In one aspect, the invention encompasses a method of
forming an insulative plug within a substrate. A masking
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layer is formed over the substrate. The masking layer has an
opening extending therethrough to expose a portion of the
underlying substrate. The exposed portion of the underlying
substrate is etched to form an opening extending into the
substrate. An insulative material is formed within the open-
ing in the substrate. The insulative material within the
opening forms an insulative plug within the substrate. After
forming the insulative material within the opening, he mask-
ing layer is removed. After removing the masking layer, a
portion of the substrate is removed to lower an upper surface
of the substrate relative to the insulative plug.

In another aspect, the invention encompasses an oxide
plug forming method. A silicon nitride layer is formed over
a substrate. The silicon nitride layer has an opening extend-
ing therethrough to expose a portion of the underlying
substrate. The exposed portion of the underlying substrate is
etched to form an opening extending into the substrate. The
opening in the substrate is filled with oxide. The oxide
extends ii over the nitride layer. The oxide is planarized. The
planarizing removes the oxide from over the nitride layer
and leaves some of the oxide remaining within the opening.
The oxide remaining within the opening is an oxide plug.
After the planarizing, the silicon nitride layer is removed.
After removing the silicon nitride layer, a portion of the
substrate is removed to lower an upper surface of the
substrate relative to the oxide plug.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described
below with reference to the following accompanying draw-
ings.

FIG. 1 is a diagrammatic, cross-sectional, fragmentary
view of a S semiconductor wafer fragment at a preliminary
stage of a prior art processing sequence.

FIG. 2 shows the FIG. 1 wafer fragment at a prior art
processing step subsequent to the step of FIG. 1.

FIG. 3 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 2.

FIG. 4 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 3.

FIG. 5 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 4.

FIG. 6 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 5.

FIG. 7 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 6.

FIG. 8 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 7.

FIG. 9 shows the FIG. 1 wafer fragment at a prior
processing step subsequent to the step of FIG. 8.

FIG. 10 is a diagrammatic, fragmentary, cross-sectional
view of a semiconductor wafer fragment processed accord-
ing to a method of the present invention, and shown at a step
subsequent to the prior art processing step of FIG. 8.

FIG. 11 shows the FIG. 10 wafer fragment at a processing
step subsequent to the step of FIG. 10, in accordance with a
first embodiment process.

FIG. 12 shows the FIG. 10 wafer fragment at a processing
step subsequent to the step of FIG. 10, in accordance with a
first embodiment process.

FIG. 13 shows the FIG. 10 wafer fragment at a processing
step subsequent to the step of FIG. 12.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This disclosure of the invention is submitted in further-
ance of the constitutional purposes of the U.S. Patent Laws
“to promote the progress of science and useful arts” (Article
1, Section 8).
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A method of the present invention is described with
reference to FIGS. 10 and 11. In describing FIGS. 10 and 11,
similar numbering to that utilized above in describing prior
art FIGS. 1-9 will be used, with differences indicated by the
suffix “a” or by new numbers.

Referring to FIG. 10, a semiconductor wafer fragment
10a is illustrated at a processing step subsequent to the prior
art processing step of FIG. 8. Wafer fragment 10a comprises
substrate 12 and insulative plug 30. Wafer fragment 10a of
FIG. 10 is shown at a processing step analogous to that of
wafer fragment 10 of FIG. 9. However, a difference between
wafer fragment 10a of FIG. 10 and wafer fragment 10 of
FIG. 9 is that wafer fragment 10a has been subjected to
processing to remove a portion of substrate 12 and thereby
lower an upper surface of substrate 12. Specifically, sub-
strate 12 of wafer fragment 10a comprises an upper surface
50 which is elevationally lower than upper surface 15 of
wafer fragment 10. Accordingly, gaps 32 (FIG. 8) are
eliminated.

The removal of a portion of substrate 12 is preferably
accomplished with an etch selective for the material of
substrate 12 relative to the material of plug 30. For instance,
in embodiments wherein substrate 12 comprises monocrys-
talline silicon and insulative plug 30 comprises silicon
dioxide, substrate 12 can be selectively etched with a
mixture of H,O, and HF. An exemplary mixture can be
formed by mixing 30 wt. % H,0, with 49 wt. % HF in a
ratio of from about 1000:1 to about 100:1 (H,O,:HF, by
volume), with the ratio preferably being about 300:1. The
selective etching of monocrystalline silicon substrate 12 to
silicon oxide plug 30 can be accomplished at atmospheric
pressure and about room temperature (i.e., about 21° C.).

FIG. 11 shows semiconductive wafer fragment 10a after
subsequent processing to form oxide layer 34 and polysili-
con layer 38 over substrate 12. Polysilicon layer 38 can be
utilized for formation of transistor devices adjacent insula-
tive plug 30, with insulative plug 30 being an isolation
region between the transistor devices. The processing of
FIGS. 10 and 11 has alleviated (shown as elimination) gaps
32 of the prior art isolation regions. Such alleviation of gaps
32 can avoid prior art problems associated with gaps 32,
such as, for example, the prior art problems discussed in the
“Background” section of this disclosure.

A second embodiment method of processing the semi-
conductive wafer fragment of FIG. 10 is described with
reference to FIGS. 12 and 13. In describing embodiment of
FIGS. 12 and 13, similar numbering to that utilized above in
describing FIGS. 10 and 11 will be used, with differences
indicated by the suffix “b”.

FIG. 12 illustrates a semiconductive wafer fragment 105
at a processing step subsequent to that of FIG. 10.
Specifically, wafer fragment 105 corresponds to a process-
ing step subsequent to the wafer fragment 10a of FIG. 10
being subjected to a polishing process to remove an upper
portion of insulative plug 30. Such polishing process can
comprise, for example, chemical-mechanical polishing. In
the shown embodiment, the polishing process has planarized
a material of insulative plug 30 until insulative plug 30 has
an upper surface at about a same elevational level as upper
surface 50 of substrate 12. However, it is to be understood
that the invention encompasses other embodiments (not
shown) wherein the polishing of insulative plug 30 results in
an upper surface of insulative plug 30 that is elevationally
above upper surface 50 of substrate 12. The invention can
encompass yet other embodiments (not shown) wherein the
insulative plug 30 is etched until it comprises an upper
surface that is elevationally above upper surface 50 of
substrate 12.
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Referring to FIG. 13, an oxide layer 34 is formed over
upper surface 50 of substrate 12, and a polysilicon layer 38
is formed over oxide layer 34. As in the embodiment of FIG.
11, polysilicon layer 38 can be utilized for formation of
transistor devices adjacent insulative plug 30, with insula-
tive plug 30 being an isolation region between the transistor
devices.
In compliance with the statute, the invention has been
described in language more or less specific as to structural
and methodical features. It is to be understood, however, that
the invention is not limited to the specific features shown
and described, since the means herein disclosed comprise
preferred forms of putting the invention into effect. The
invention is, therefore, claimed in any of its forms or
modifications within the proper scope of the appended
claims appropriately interpreted in accordance with the
doctrine of equivalents.
What is claimed is:
1. A method of forming an isolation region within a
silicon-comprising substrate, comprising:
forming an insulative material plug within an opening in
a silicon-comprising substrate, the insulative material
having an outermost surface extending outwardly of a
surface of the substrate that is beside the insulative
material;
removing a portion of the substrate to lower the surface of
the substrate relative to the insulative material plug;

wherein, before the removing the portion of the substrate,
the insulative material plug comprises a portion extend-
ing below the surface of the substrate, said portion of
the insulative plug comprising a peripheral sidewall,
the peripheral sidewall comprising a lower segment
against the substrate and an upper segment separated
from the substrate by a gap; and

wherein the removing a portion of the substrate lowers the

surface of the substrate to below the upper segment.

2. A method of forming a silicon dioxide isolation region
within a monocrystalline silicon substrate, comprising:

forming a silicon dioxide plug within an opening in a

monocrystalline silicon substrate, the silicon dioxide
plug having an outermost surface extending outwardly
of a proximate surface of the substrate, the silicon
dioxide plug also having a sidewall within the opening,
at least part of the sidewall being separated from the
substrate by a gap; and

while the outermost surface of the silicon dioxide plug

extends outwardly of a proximate surface of the
substrate, removing a portion of the monocrystalline
silicon substrate with an etch selective for monocrys-
talline silicon relative to the silicon dioxide of the plug
to lower the proximate surface of the substrate relative
to the silicon dioxide plug, wherein the removing a
portion of the substrate exposes some of said sidewall.

3. The method of claim 2 wherein the proximate surface
of the substrate is an outermost surface of the substrate.

4. A method of forming an isolation region within a
substrate, comprising:

forming a silicon dioxide plug within an opening in a

monocrystalline silicon substrate, the plug having an
outermost surface extending outwardly of a surface of
the substrate, and having a sidewall within the opening,
a portion of the sidewall being separated from the
substrate by a gap;

while the outermost surface of the silicon dioxide plug

extends outwardly of a proximate surface of the
substrate, removing a portion of the substrate to lower
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6

the surface of the substrate relative to the plug outer-
most surface, and

after removing the portion of the substrate, polishing the

plug to lower the outermost surface of the plug relative
to the surface of the substrate.

5. A method of forming an isolation region within a
silicon-comprising substrate, comprising:

forming a masking layer over the silicon-comprising

substrate and having an opening extending there-
through exposing a portion of the underlying substrate,
wherein the masking layer comprises nitride;

etching the exposed portion of the underlying substrate to

form an opening extending into the substrate;
forming an insulative material within the opening in the
substrate to form an insulative plug;

after forming the insulative material within the opening,

removing the masking layer; and
after removing the masking layer, removing a portion of
the substrate to lower an upper surface of the substrate
relative to the insulative plug, wherein before the
removing the portion of the substrate, the insulative
plug comprises a portion extending below an upper
surface of the substrate, said portion of the insulative
plug comprising a peripheral sidewall, the peripheral
sidewall comprising a lower segment against the sub-
strate and an upper segment separated from the sub-
strate by a gap; and wherein the removing a portion of
the substrate lowers the upper surface of the substrate
to below the upper segment.
6. The method of claim § wherein the forming the
insulative material within the opening in the substrate also
forms the insulative material over the masking layer; the
method further comprising planarizing the insulative
material, the planarizing removing the insulative material
from over the masking layer.
7. A method of forming an isolation region, comprising:
forming a first material layer over a monocrystalline
silicon substrate, the first material layer having an
opening extending therethrough to expose a portion of
the underlying substrate, the first material not being
silicon dioxide;
etching the exposed portion of the underlying substrate to
form an opening extending into the substrate;

forming silicon dioxide within the opening in the
substrate, the silicon dioxide within the opening form-
ing at least a portion of an isolation region;

after forming the silicon dioxide, selectively removing the

first material layer; and

after selectively removing the first material layer, remov-

ing a portion of the substrate to lower an upper surface
of the substrate relative to the isolation region, wherein
before the removing the portion of the substrate, the
isolation region comprises a portion extending below
an upper surface of the substrate, said portion of the
isolation region comprising a peripheral sidewall, the
peripheral sidewall comprising a lower segment against
the substrate and an upper segment separated from the
substrate by a gap; and

wherein the removing a portion of the substrate lowers the

upper surface of the substrate to below the upper
segment.

8. The method of claim 7 wherein the removing a portion
of the substrate comprises exposing the substrate to H,O,
and HF.

9. The method of claim 7 wherein the first material layer
comprises nitride.
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10. A method of forming an isolation region, comprising:

forming a first material layer over a substrate and having
an opening extending therethrough exposing a portion
of the underlying substrate, the first material not being
silicon dioxide;

etching the exposed portion of the underlying substrate to
form an opening extending into the substrate;

filling the opening in the substrate with silicon dioxide,
the silicon oxide extending over the first material layer;

planarizing the silicon dioxide, the planarizing removing
the silicon dioxide from over the first material layer and
leaving some of the silicon dioxide remaining within
the opening, the silicon dioxide remaining within the
opening being a silicon dioxide plug;

after the planarizing, removing the first material layer; and

after removing the first material layer, removing a portion
of the substrate to lower an upper surface of the
substrate relative to the silicon dioxide plug wherein
before the removing the portion of the substrate, the
silicon dioxide plug comprises a portion extending
below an upper surface of the substrate, said portion of
the silicon dioxide plug comprising a peripheral
sidewall, the peripheral sidewall comprising a lower
segment against the substrate and an upper segment
separated from the substrate by a gap; and wherein the
removing a portion of the substrate lowers the upper
surface of the substrate to below the upper segment.
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11. The method of claim 10 further comprising, after
removing the portion of the substrate, polishing the plug to
lower an upper surface of the plug relative to the proximate
surface of the substrate.

12. The method of claim 10 further comprising, forming
transistor devices adjacent the silicon dioxide plug, the
silicon dioxide plug being an isolation region between the
transistor devices.

13. The method of claim 10 wherein the silicon dioxide
plug extends to a depth of less than about 1 micron into the
substrate; the method further comprising, forming transistor
devices adjacent the silicon dioxide plug, the silicon dioxide
plug being a shallow trench isolation region between the
transistor devices.

14. The method of claim 10 wherein the substrate com-
prises silicon.

15. The method of claim 10 wherein the substrate com-
prises monocrystalline silicon.

16. The method of claim 10 wherein the removing a
portion of the substrate comprises exposing the substrate to
H,0, and HF.

17. The method of claim 10 wherein the substrate com-
prises silicon, and wherein the removing a portion of the
substrate comprises exposing the substrate to H,O, and HF.
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